Abstract: Section 404 of the U.S. Clean Water Act includes most wetlands in its jurisdiction and requires wetland mitigation to compensate for permitted wetland losses. These mitigation wetlands can provide ecosystem services similar to original wetlands if properly constructed. Improvement of wetland monitoring requirements coupled with economic assessment is critical for effective implementation of the mitigation policy. The economic assessment when left out of evaluation of mitigation policy could result in mitigation wetlands being given too little weight in policy decisions. Under the assumption that mitigation requirements reported in the Army Corps permit files represent actual wetland creation, ecosystem services value is estimated using a wetland benefit-function transfer approach. Wetland mitigation requirements during 2010-2012 recorded in the Army Corps permit files is used for the analysis. The results indicate that cumulative ecosystem services value per acre per year is in the range of $5000 to $70,000, which translates to a nationwide annual aggregate benefit of $2.7 billion. Given the history of the ecosystem services not fully captured nor adequately quantified, the current analysis is an initial step in understanding the value of wetland mitigation.
Introduction
Wetlands provide a host of ecosystem services [1] , a term often used to indicate goods and services provided by ecosystems that benefit humankind [2] . These services include water filtration, flood protection, recreational opportunities, and wildlife habitat, among others. Various studies have addressed Economic valuation often depends on people's perception of the impact of an environmental resource on their well-being. It is measured in terms of willingness to pay for the resource and its services, wetlands in this case. Often values are also determined by the resource rarity. Benefit value accounts for all components of utility (disutility) derived from ecosystems using a common unit-money, which allows comparison of the tradeoffs of the need for economic development with environmental protection [14] .
Some wetland valuation studies assume a single value perspective, i.e., estimation of the value of wetlands with respect to a single ecological service. For example, recreational fishing value of wetlands in Michigan were valued at $18 million per year [15] . Similarly, [16] estimated the recreational value of wetlands in San Joaquin valley at $141 million. Although the estimated values are not necessarily incorrect, they could underrepresent the value of wetlands due to the single value perspective, because we know that wetlands have multiple values arising from numerous functions performed simultaneously in varying degrees [1, 4] . Through this study, we aim to assess the value to society of actions to mitigate wetland loss along with the assumption that these restored wetlands offer several services that are part of the joint economic product.
Methods
To evaluate the ecosystem service value of wetland mitigation, we relied on the information in the Corps wetland-permit-files issued during 2010-2012 in the continental U.S. Included in the wetland permit files are the location of impact, nature of impact, size of impact, type of wetland, type of mitigation, and size of mitigation. During 2010-2012, 72,000 compensatory wetland acres were required to mitigate for impacts to 30,000 wetland acres approved through 143,197 permits across the continental U.S. (Table 1) . It is important to recognize that a variety of activities and natural processes not necessarily requiring a Section 404 permit could influence wetland acreages. The impacted and mitigation acres reported here are for activities that required a Section 404 permit and are recorded in the permit files. Hence, the wetland numbers might not necessarily reflect accurate wetland acreage changes in the U.S. that occurred during the 2010-2012 period. An additional 2399 permits were issued involving 3700 acres of wetlands to mitigate 1800 acres of permitted wetland losses in Alaska, Hawaii, and other U.S. territories during 2010-2012; Wetland data obtained from U.S. Army Corps permit files; Note: It is important to recognize that not every permit requires compensatory mitigation rather only a subset of permits requires compensatory mitigation.
The data indicate that on-site and off-site permittee responsible compensatory mitigation account for 65% of the total proportion of required wetland compensation nationwide during 2010-2012. Whereas, purchasing mitigation credits from mitigation banks and payment to an in lieu-fee program account for 26% and 9%, respectively, of the total required wetland compensation. The nature of the permit data analyzed in this report are insufficient to assess whether permitees fully complied with the terms of the permits or whether the compensatory wetland fully replaced the ecological functions of the wetlands destroyed. However, for the purpose of analysis in this paper, we assume mitigation requirements reported in the permit files represent a successful wetland creation.
The ability to monetize benefits and compare mitigation using a common metric is often sacrificed by the cost and complexity of valuation methods. Partly as a response to this situation, vast amount of literature on wetland valuation could be used for research synthesis, in particular meta-analysis [17] . Meta-analysis is a quantitative analysis of statistical summary indicators reported in a series of similar empirical studies. It extends beyond simple literature review [17] . In this case, it is a comprehensive review of empirical wetland valuation literature on that appeared over the last 25 years. The meta-regression generally includes socio-economic variables and geo-referenced variables in the form of GDP per capita, population, as well as variables reflecting wetland services. Such a rigorous analysis facilitates value transfer to other non-valued sites as an alternative to primary valuation.
The approach of value transfer adopted in this paper is value-function transfer, i.e., transferring values to a site of interest using a value transfer function. It is generally accepted that function transfer performs better than value-estimate transfer because the former is based on information from a large number of studies, could be controlled for methodological differences between primary valuation studies [18, 19] . But, we acknowledge that any bias associated with each valuation study used in the meta-analysis could be carried over to the study using the meta-regression function, hence, warrant primary valuation studies. Nevertheless, carefully conducted value transfer studies can limit such errors, increase the accuracy of estimates while limiting the time and cost involved in primary valuation studies.
The wetland value per acre estimation is based on the results of meta-analysis of wetland value per acre literature conducted by [20] . Their meta-analysis examines the valuation literature of wetlands located in the U.S. Their analysis included 72 observations of wetland value per acre identified from 33 studies. Along with the annual value per acre variable in their meta-regression equation, included are wetland physical characteristic variables, wetland geographical characteristic variables, socio-economic variables, and study-related variables. Regional variability of wetlands location is controlled by including variables characterizing geographic location of wetlands. The regions included in the model are heartland, northern crescent, northern great plains, fruitful rim, Mississippi portal, southern seaboard, prairie gateway, and eastern uplands. Estimated coefficients of variables included in their wetland metaregression are presented in Table A1 . The meta-regression function transfer approach adopted in the current analysis is based on the premise that the marginal impact of each of the significant variables is accounted to provide an estimate of the consumer surplus value per acre for each ecosystem service included in the estimation.
The estimation is carried out using a pre-programmed input sheet, presented in Table 2 , developed off the meta-analysis results of [20] . The wetland value per acre input screen allows entering wetland physical and geographical characteristics related information, socio-economic related information, and ecosystem services presumed-supported information [21] . Once this information is obtained and entered, individual ecosystem value per acre of wetland per year is estimated based on the results of wetland meta-analysis conducted by [20] . To the extent that several of the ecosystem services offered by wetlands are noncompetitive and exhibit public good nature [2, 8] , aggregate ecosystem value per acre is estimated by multiplying the ecosystem value per acre of each service generated by wetlands with the number of households within each state [22] . Furthermore, annual value of total mitigation wetland acres is estimated by multiplying aggregate ecosystem value per acre times the total mitigation acres within a particular state. The author acknowledges that not all ecosystem services have public good nature and/or exhibit varying levels of public good nature by individual ecosystem services, which could lead to some overestimation of the aggregate ecosystem value. Table 2 . Preprogrammed input sheet for valuing total economic value of wetlands a .
STEP 1:
Average state household income the wetland is in
Total acres of the wetland to be valued Enter ------STEP 3:
Share of wetland acres in the state the wetlands are in Enter ------STEP 4:
Place a 1 next to the region the wetland is in; 0 otherwise
Place a 1 next to the ecosystem service to be valued; 0 otherwise
The input sheet is based on value of wetland meta-analysis regression conducted by [20] . The table is adapted from [21] .
Results and Discussion
The results indicate that recreation, water quality services, water supply, and commercial fishing are relatively highly valued services. Table 3 is a presentation of the national estimates of the annual average benefit value per acre for individual ecosystem services, aggregate annual average benefit value per acre, aggregate benefit value per year for all mitigation acres. Annual average value per acre is in the range of $5000 to $70,000 with an overall average of $37,900 in 2010 dollars. In a similar nationwide valuation analysis by the U.S. EPA and the USACOE [23], annual average value per acre was estimated to be in the range of $129,000 to $292,000, also in 2010 dollars. The EPA identified 10 studies that provided estimates of WTP from wetland valuation literature, i.e., 10 studies were used in their meta-analysis function to derive an average WTP value. Their basis for selecting the 10 studies is unclear in the report. Whereas, the current analysis is based off meta-analysis function derived from 33 studies consisting of 72 WTP estimates. Therefore, the average per acre values estimated in this analysis reflect estimates derived from large pool of relevant literature thus providing a more comprehensive meta-analysis of the valuation literature.
Applying the per acre estimate to the number of mitigation wetland acres results in a cumulative benefit of $2.7 billion per year. Aggregate annual average benefits of recreation, i.e., value for fishing, waterfowl hunting, and bird watching amount to $164.5, $169.9, and $804.9 million, respectively in 2010 dollars (Table 3) . It is well known that wetland habitats offer many recreational services and those services are well recognized by citizens. The estimated recreational values reiterate the fact that wetlands support a large recreational sector and warrants efforts for wetlands protection through establishment, preservation, and/or enhancement.
Value of water quality improvement/protection and water supply amount to $575.7 and $424.0 million per year, respectively, also in 2010 dollars (Table 3) . Similar results were found, where water quality improvement was among the three highest valued ecosystem services of wetlands [24] . Studies have shown that wetlands properly constructed and maintained could be effective for protecting water quality [25, 26] . With several water quality stressors such as agriculture [27] , urban development, population growth, and atmospheric deposition [28] , the value of wetlands for water quality improvement is not unrealistic. Moreover, wetlands are central components of aquatic ecosystems, an interdependence that provides strong scientific justification for policies that make a connection between clean water and the protection of wetland ecosystems [29] .
Fish and shellfish species dependent on wetlands for food or habitat comprise more than 75% of the commercial harvest [30] . Hence, the value of wetlands as a commercial fishing resource is indicative of the economic benefits to fishermen and their communities. The value of commercial fishing was among the top three values of ecosystem services, with aggregate acreage benefits of $489.6 million per year in 2010 dollars (Table 3) . Other studies that estimated value of wetlands as key environments include [31] , where wetlands were found to be both ecologically and economically important habitats.
Although factors such as intensity of the storm and the number of storm events play a key role in storm damages, wetlands are key to minimizing the storm impacts. They provide a buffer zone between storm landfall and coastal communities [5, 32] . Aggregate benefits associated with wetland mitigation for flood protection services are estimated at $103.9 million per year in 2010 dollars (Table 3) . These substantial ecosystem value estimates provide strong justification to wetland protection and restoration. Statewide total value associated with wetland mitigation are presented in Table 4 . It is interesting to note that these ecosystem services values were relatively higher in the Northeast and most of the Great Lakes states. For example, annual total value per acre for all ecosystem services range from as low as $1000 in Louisiana to as high as $500,000 in Connecticut. One possible explanation for this disparity is that wetlands occupy 33% of the area in the state of Louisiana, whereas they occupy only 10% of the area in the state of Connecticut. Hence, it is reasonable to assume that an acre of wetland would be valued relatively higher in a region where the resource is relatively scarce and/or exclusive. But, this does not necessarily mean that the value of an additional acre of wetlands in states with greater share of wetlands is low, but the notion of a similar resource available elsewhere in the state/region could influence the value of wetlands. Annual aggregate value per acre include value of all the ecosystem services identified in Table 3 ; 
Conclusions
As public goods, wetlands and their services are often undervalued and underprovided. Although wetlands provide valuable ecological services, there remains substantial debate about the extent to which resources should be allocated for their protection, restoration, and whether certain wetlands deserve protection at all. Section 404 of the CWA includes most wetlands in the U.S. in its jurisdiction and requires wetland mitigation to compensate for permitted wetland losses. Failure to quantify the ecosystem services value provided on mitigation wetland acres could result in these wetlands being given too little weight in policy decisions.
A benefit value-function transfer approach is adopted to derive the ecosystem values. The value-function is derived from meta-analysis of wetland valuation literature, conducted by [20] . To derive the ecosystem value estimates, wetland mitigation requirements for permitted wetland losses during 2010-2012 across continental U.S. are used. Given the nature of the data, it was assumed that mitigation requirements recorded in the permit files reflect actual wetland creation. Results indicate that annual aggregate benefit value per acre for all ecosystem services is in the range of $5000 to $70,000. Annual value of total mitigation wetlands was estimated as $2.7 billion per year. Although there were considerable limitations to this approach, the metrics do provide some guidance about the value of the services generated as a result of the current wetland mitigation policy. Nevertheless, continual improving our methods for estimating goods and services will be essential for ameliorating wetlands habitat protection.
Impacts to different wetland types are not the same, and the required mitigation does not always result in the in-kind replacement of lost wetlands [33] that sometimes results in over-estimation of the functional values. In addition, there could be some double counting when adding estimates of ecosystem services, as not all wetlands fully perform all of the functions evaluated. However, given some of the uncertainties involved, we may never have a very precise estimate of the value of ecosystem services. Nevertheless, the ecosystem service value estimated in this paper provide a strong rationale for wetland protection through establishment, preservation, and/or enhancement. Given that ecosystem services have historically been inadequately identified and quantified, the values derived provide an initial step in understanding the value of wetland mitigation. Although permitted wetland losses might justify for economic development, the substantial ecosystem values identified in this analysis necessitates enforcement of full compliance to the mitigation requirements. Moreover, most decisions on natural resource use are made on economic grounds [34] . Ecological values that are often expressed through indicators such as species variety, diversity, and integrity [35] , socio-cultural values that reflect ethical, religious, and spiritual values [36] are seldom considered due to the difficulty to record and articulate these values. Such under valuation of the benefits of natural systems often leads to destruction of the natural ecosystems at the expense of our own welfare and future generations [37] . But, our knowledge of these values is still insufficient to support effective policy-making and management. Nevertheless, there has been a substantial progress in valuing wide range of goods and services through growing number of studies in ecosystem valuation. The values generated through this exercise can allow for comparison of the economic benefits of such wetland-offset sites to natural landscapes, the benefits that accrue to local societies and at global scale albeit most benefits are not captured through market based economic analysis.
Policies have been put in place to conserve wetland habitats, which are a result of recent recognition of the magnitude of wetland capabilities to provide multiple ecosystem services. Similarly, policies have been evolving to protect wetlands better, but more focus is warranted on ways to improve protection and ensure success of mitigation. Several authors that studies mitigation recommend improved documentation, increased permit follow up, and monitoring [29, 33] for the success of wetland mitigation.
The current shortcoming of the wetland permit system is having no expectations to replace wetland functions. Emphasis should be placed not only on acreage but also on mitigation compliance as well as on ecosystem functions restoration. Accounting for the value of the ecosystem functions will challenge the argument of high costs to replace wetland functions. It is very likely that the value of the benefits will substantially outweigh the replacement costs. Finally, it is clear that replacing the vegetative cover alone will not ensure successful wetland mitigation, rather replacing wetland functions coupled with monitoring will help stem the losses of these valuable habitats.
Economic tradeoffs exist in wetland conversion. Profit from natural wetland conversions result in costs from loss in ecosystem services such as habitat loss, flood damage, to name a few. The current metrics used to determine the success of compensatory mitigation are inadequate to assess and manage the natural systems that are often converted to human infrastructure development. The majority of the assessments are acreage based and provide little indication of the economic benefit of ecosystem protection [11] . Many are concerned that an acre for acre or even an acre for two emphasis for measurability will cause functions, which are hard to observe and quantify to be lost. To determine the implications of current mitigation policy, quantification of the benefit value of the ecosystem services will add the economic assessment to the physical and ecological assessment of the wetlands mitigation policy. The quantification of ecosystem services of wetlands will aid in land use planning by allowing cost-benefit comparison to protect and/or restore ecosystems. It allows decision makers to justify public spending on wetland management activities [38] . The quantification provides the information to assess the tradeoffs between economic benefits and environmental risks of converting one land use type to another land use type.
Wetlands impacts for which mitigation is required under Section 10 and Section 404, emphasis on acreage alone is insufficient for the implementation of mitigation policy. Improvement of monitoring requirements coupled with rigorous economic assessment is critical for success of mitigation program. To enable conservation-oriented management, it is important to have ecosystem service values that can provide a comprehensive investigation of the mitigation policy. Also, missing from the debate is the evidence on conversion of wetlands affecting the GHG balance in the atmosphere. While acknowledging that the carbon sequestration potential of wetlands could be difficult to estimate, we believe that incorporating better climate change assessment tools into the decision process provides policy makers and businesses with better information to guide their current conservation efforts that would enhance wetland protection. Table A1 . Description of variables and regression coefficients from meta-analysis of wetland value per acre estimates conducted by [20] . Note: Adapted from [20] ; Seventy-two observations of US wetland value per acre from thirty-three studies are used toward meta-analysis. Readers are encouraged to refer to [20] for the studies used to identify the wetland value observations.
